This study compared fracture treatment with plaster cast vs external fixation.
(8). However, a vast majority of authors have reported poor clinical outcomes with this method over time due to loosening of the reduction from inadequate fixation(1, 2, 3, 4, 5).
Schmalholz reported that 20 % of 718 fractures reduced and treated with plaster cast redisplaced 1-2 weeks after reduction (9). When loosening of reduction occurs, remanipulation and further management with plaster cast becomes ineffective. It is generally understood that re-redisplacement is bound to occur. (10, 11) .
In 1975, Sarmiento et al. proposed a new method of cast immobilization designed to maintain the forearm in supination while retaining freedom of motion of the elbow and the wrist (12) . Although satisfactory results were reported, the method did not entirely prevent collapse of the fracture. Many surgical techniques have been reported to treat these fractures (13, 14, 15, 16) .
Among these, external fixation is considered one of the more attractive treatment options, especially in cases of unstable distal radial fractures. Positive results have been reported in many studies (3, 17, 18, 19) however, pin loosening and infection are major complications to consider (1, 20) .
Mc Queen et al. showed that external fixation can achieve restoration of normal wrist anatomy, al-
INTRODUCTION
Although fractures of the distal radius are common in elderly osteoporotic patients, the treatment remains controversial (1, 2, 3, 4, 5). In 1814, Abraham Colles described a fracture of the distal radius and outlined a method of treatment that consisted of traction (to reduce the fracture) and anterior and posterior splints (to maintain the reduction) (6). Fracture reduction with traction, closed manipulation of the fragments and immobilization in a plaster cast is still widely used. The plaster cast maintains flexion and ulnar angulation of the hand and wrist and is considered a practical and economical treatment with predictable results (7).
In 1982, Fernandez et al. reported that satisfactory clinical results can be expected in closed treatment of Colles fractures, largely because these occur in elderly patients with reduced functional requirements though functional outcomes may be poor because of the severity of complications occurring in 50 % of the cases. Complications of the Mc Queen twenty-eight patient study included four cases of pin-track infection, one case necessitating removal of the fixator (20) .
Hydroxyapatite-coated pins have been shown to improve bone-pin fixation and consequently, reduce pin loosening and infection. These findings have been reported in cortical, cancellous and osteoporotic bone (21, 22, 23, 24) .
We hypothesized that external fixation with HAcoated pins could improve clinical outcomes in this wrist fracture population because of the increased fixation and lower pin-track infection rate. Thus, we wanted to compare plaster cast vs external fixation with hydroxyapatite-coated pins in a series of forty consecutive osteoporotic wrist fracture patients.
MATERIAL AND METHODS
Forty osteoporotic patients with unstable wrist fractures were included in this study.
Inclusion criteria were: female, age >65, AO type A2 or A3, fracture due to minor trauma, ability to communicate, and bone mineral density (BMD) T-score less than -2.5 in the contralateral radius. Bone mineral density was measured with a dual energy x-ray absorptiometric scanner (Norland XR-36; Norland, Fort Atkinson, Wisconsin). Exclusion criteria included: open fracture, fracture secondary to malignant tumor, bone or soft tissue infection at the fracture site, chemotherapy, multiple fractures, or systemic disease.
Patients were divided into two groups (Group A, Group B) and randomized to receive either plaster cast or external fixation. In the plaster cast group reduction was performed under fluoroscopy with local anaesthesia. In the external fixation group a brachial nerve block was used.
Group A patients had closed reduction with application of a forearm cast. The hand and wrist were positioned in flexion with ulnar angulation and casted for six weeks.
Group B patients received an Orthofix Pennig II (Orthofix, Bussolengo, Italy) external fixator. Two 3.3-3 mm diameter HA-coated screws were implanted in the radius and two in the second metacarpal. The screws implanted in the radius were implanted into diaphyseal bone. All screws were implanted after pre-drilling with a 2.6 mm diameter drill, as recommended by the manufacturer. Biplane fluoroscopy was used to check pin implantation. All pins engaged both cortices. Insertion torque was measured with a custom-made torque wrench. The ball joint of the fixator was locked, thereby maintaining wrist immobility throughout treatment.
At six weeks, all casts and fixators were removed. In Group B, pin-track infection was evaluated according to the Checketts and Ottenburg classification (25) .
Anteroposterior and lateral radiographs of the affected wrist were taken at two weeks, six weeks and three months.
Fracture displacement was determined by dorsal shift and radial and palmar angulation of the distal fragment according to Van der Linden and Ericson (1, 26) . Normal values were considered 23°radial angulation in the anteroposterior plane and 11°palmar angulation in the lateral plane (13) . Radial shortening was measured as the vertical distance between the distal ends of the medial corner of the radius and the ulnar head, according to Melone (27) .
Redisplacement was defined as volar angulation exceeding -10°or radial shortening of more than 3 mm (18) .
At two weeks, any fractures that had redisplaced were revised. X-rays taken at 6 weeks were compared with the perioperative X-rays. Radial shortening, volar angle, radial angle, and dorsal shift were measured.
All patients were evaluated at 3 months according to the Horesh Demerit Point Wrist and SF-36 scoring systems. Statistical analysis was performed with the use of Statistical Package for the Social Sciences (SPSS) software (version 7.5 for Windows; SPSS, Chicago, Illinois). All continuous data are expressed as the mean and standard deviation. Results were evaluated with T-student test. For all tests, p<0.05 was considered significant.
RESULTS
In the plaster cast group, four redisplacements occurred. These were treated with re-reduction and plaster cast, but the results were poor. In the fixator group, there were no redisplacements. Radiographic results are reported in Table 1 . Group A volar angle at post-op was 8.6°±5.8; Group B 3.4°±1.8; at 6 weeks Group A was -1.9°±9.4; Group B 1.9°±3.4. Radial angle at post-op was 20.6°±4.9 in Group A; 23.5°±3.5 in Group B. At 6 weeks, Group A was 17.1°± 6.3; Group B 23.3°± 3.5 and the redisplacement of volar and radial angle was significantly lower in Group B (p <0.0005) (p =0.008). There were non significant differences in the radiographic results between 6 weeks and three months in both of the two groups.
Group A Horesh Demerit Point system score was 7.7 ± 3.3 points, Group B was 6.6 ± 3.4, (p <0.006).
Group A SF-36 mean score was 66.2 ± 13.1 points; Group B was 67.1 ± 13.1 points (ns).
In Group B, no pin loosening and infection occurred. Mean pin insertion torque was 373 ± 84 N/ mm and mean extraction torque was 566 ± 112 N/ mm. There was improvement of the mechanical resistance of the bone-pin interface over time, as demonstrated by extraction torque greater than the corresponding insertion torque (p <0.0005).
DISCUSSION
A high incidence of redisplacement was observed in the plaster cast group; remanipulation and re-casting were ineffective as the fracture ends of the weak bone were unable to withstand axial compression. In the external fixation group, no patient required revision. Stronger fixation and better clinical outcomes were achieved.
In a comparative study of four different fixation techniques, McQueen demonstrated that the best anatomical results in unstable wrist fractures were obtained by open reduction and bone grafting, while treatment with external fixation had the second best results. With the elderly patient, open reduction and bone grafting pose a threat, because the surgery is more extensive and the patient more vulnerable to complications. In contrast, external fixation is mini- St dev 0 6,8 0 5,9 1,0 1,8 0 3,5 0,9 3,4 0 3,5 1,1 3,4 0 3,5 1,1 3,4 13,2 Mean -16,6 0 21,1 3,1 3,4 23,5 0,9 1,9 23,3 1,6 1,7 23,3 1,6 6,6 67,1 mally invasive and generally well-tolerated by this particular patient population (18) .
In previous studies of external fixation in wrist fracture patients with normal bone, a rate of pin-track complications ranging between 16 % and 61 % were reported (1, 4, 13, 20) .
In the elderly osteoporotic patient, however, the pin-track complication rate could be even higher, largely because of the inadequate bone-pin purchase thus limiting the application of external fixation.
In this study, no pin-track infections occurred. We think that the optimal fixation of the HA-coated pins contributed significantly to this result. The improved bone-pin interface not only eliminated the pin-track problems, but also contributed to better overall fixation. Because of this, the reduction obtained at surgery was maintained during treatment. In the immediate postoperative, the plaster cast group was found to have better reduction relative to the volar angle. This group underwent a greater displacement compared to the external fixator group. At the follow up, the external fixator group was found on average to have better correction.
In conclusion, our study supports the use of external fixation in the treatment of osteoporotic wrist fractures. Both radiographic and clinical results were better in the external fixation group than in the plaster cast group. The complication rate, including bonepin interface problems, of the external fixation group was negligible. Because of this we recommend the use of HA-coated pins in osteoporotic wrist fracture patients. 
